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Introduction: Hypertension is directly responsible for 57% of all stroke deaths and 24% of all
coronary heart disease deaths in India. Appropriate blood pressure measurement tech-
niques are the cornerstone of clinical acumen. Despite the clear guidelines on BP mea-
surement technique, there seems to be large inter-observer variations.
Aim &methods: A prospective, observational study was done to assess the knowledge and to
study the current practices of office BP measurement among the 400 medical and para-
medical staff working in various hospitals of a northern district of India. A single observer
under the supervision of investigators observed all the participants and a proforma was
filled based on AHA guidelines. After observing BP measurement technique scoring was
done (8 question correct ¼ inaccurate practices, >9 questions correct ¼ accurate prac-
tices). Similarly, the knowledge was assessed by giving a pretested questionnaire.
Results: 5.85 % of the medical staff had excellent knowledge and 80% of the doctors and 62%
of the paramedical staff had good knowledge about BPM. Only 1.47% (3 doctors) and 0.5% (1
nurse) had accurate practices. There was no correlation between knowledge and practices.
Conclusions: We conclude that the right technique and knowledge of blood pressure mea-
surement among community health providers is inadequate and warrants further in-
terventions to improve.
Copyright © 2014, Cardiological Society of India. All rights reserved.m (B. Mohan).
ociety of India. All rights reserved.
i n d i a n h e a r t j o u r n a l 6 6 ( 2 0 1 4 ) 4 0 1e4 0 74021. Introduction
Cardiovascular diseases are a major cause of mortality
in Indian subcontinent causing more than 25% of death.
India is projected to have more death from cardiovascular
diseases than any other country in the world over the
next decade.1e3 Hypertension is directly responsible for
57% of all stroke deaths and 24% of all coronary heart dis-
ease deaths in India Hypertension is a common condition
that does not have specific clinical manifestations until
target organ damage develops.4e6 It confers a substantial
risk of cardiovascular disease much of which is at least
partially reversible with treatment. Screening adults to
detect hypertension early and initiate treatment before
the onset of target organ damage occurs, is highly cost
effective.6,7
The American Heart Association8 recognizes three
sources of error in the measurement of blood pressure;
observer bias, faulty equipment and failure to standardize
the technique of measurement. Despite the clear guidelines
on BP measurement technique, there seems to be large
inter-observer variations, both among nursing staff and
physicians as well as between the two groups.9 The general
belief amongst the researchers is that Physicians dealing
with diagnosis and treatment of hypertension do not follow
the international society guidelines.10,11 In a study by Perloff
et al,12 it was found that nursing staff abide by 40% of the
recommended procedures while medicine teachers, physi-
cians and residents abided by approximately 70%. Many
technical errors might occur related to the equipment
used in practice, and this should influence BP reading.13e16
International studies confirm that teaching, training and
knowledge toward BP measurement and apparatus for
healthcare professional are suboptimal.17e19 Also these gaps
in training are continuing in medical education and among
interns and practitioners.20e30 The present study was un-
dertaken to notify and to evaluate the knowledge and
practices of BP measurement amongst health professionals
working in various hospitals in a Northern District of India.2. Methods
2.1. Study sample
The sample size was calculated on the basis of assumption
for an outcome of 35% error rate in BP measurement by
health-care professional based on estimated number of 3270
doctors and paramedical staffs working in 48 hospitals of a
Northern district in India. Study sample was selected by
stratified random sampling. The sample size tuned out to be
364. A total of 600 people were asked for participation, out of
which 428 agreed to participate and were interviewed. The
complete data could be obtained in 400 professionals. The
medical staff (n ¼ 204) included interns, postgraduates and
consultants. Paramedical workers (n ¼ 196) included nursing
staffs, technicians who were regularly involved in BP
measurement.2.2. Assessment of knowledge and evaluation of
practices of blood pressure measurement
One Research Associate and Research Assistant each were
appointed for collection of the data. The health professionals
were observed by them while measuring BP of patients and
their current practices were judged by using a check list pre-
pared according to WHO guidelines for measuring BP and JNC
VII guidelines for classification of patients as normotensives/
hypertensive (8 question correct e inaccurate practices, >9
questions correct e accurate practices). Then a pre-struc-
tured, pre-tested multiple choice questionnaire was given to
the health professionals which included various aspects of
correct BP measurement as suggested by WHO and AHA
guidelines and grading of knowledge done depending upon
number of correct answers given (knowledge excellent (11e15
correct answers), good (6e10 correct answers) poor (1e5)). The
details are given in Appendix 1 and Appendix 2. Quality was
also ensured by random visits of Principal investigator/Co-
investigators.2.3. Statistical analysis
Results have been recorded as percentages of health pro-
fessionals giving correct answers and incorrect answers
based on a multiple choice questionnaire given for assess-
ment of knowledge and data for practice based on scoring
scale has been recorded as percentage of health pro-
fessionals checking the BP in right manner according to AHA
guidelines The data so generated was entered into the MS
Excel sheet by data entry operator. The data was analyzed
using SPSS statistics software and chi-square test was done
and c2 values evaluated for determination of difference in
knowledge and technique of BP assessment between the two
groups and comparison of knowledge and practice in indi-
vidual groups. p value <0.05 was considered statistically
significant.3. Results
Out of 400 health professionals it was found that 5.85% of
the medical staff had excellent knowledge, 74.5% (153) had
good knowledge, 19.61% (51) had poor knowledge. Among
paramedical staff only 1% (1) had excellent knowledge, 61%
(120) had good knowledge 31% (73) had poor knowledge
(p < 0.001 among both groups). After assessment of the
technique, it was found that only 1.47% (3 doctors) had ac-
curate practice and among paramedical staff only 0.5% (1
nurse) had accurate practice. After comparison of knowl-
edge and practice of BPM, it was found that there was no co-
relation between knowledge and practices of BPM, the
values was statistically insignificant (p ¼ 0.94). So, the per-
sons who had excellent knowledge were doing inaccurate
practices. Table 1 shows observations based on knowledge
assessment of Blood pressure measurement amongst med-
ical and paramedical staff based on the questionnaire given
and Table 2 shows the observations based on practice
assessment of BPM.
Table 1 e Observations of knowledge assessment of BPM amongst hospital staff is summarized in table below.
Total Responders: 400 Doctors: 204 Other Paramedics: 196
Question Doctors {correct response
(percentage)}
Other paramedics
{correct response (percentage)}
p value
Most appropriate manometer? 184 (90.20) 183 (93.37) NS
Frequency of calibration 78 (38.24) 30 (15.31) 0.00
No. of BPM on visit 86 (42.16) 59 (30.10) 0.01
Arm used for BPM 64 (31.37) 80 (40.82) 0.05
Position for BPM 68 (33.33) 44 (22.45) 0.02
Korotkoff sound for SBP 155 (75.98) 154 (78.57) NS
Korotkoff sound for DBP 155 (75.98) 147 (75) NS
Recorded higher or lower reading 54 (26.47) 66 (33.67) NS
Arm position for BPM 79 (38.73) 18 (9.18) 0.00
To hear low pitched sound 84 (41.18) 53 (27.04) 0.01
Placing centre of bladder 134 (65.69) 122 (62.24) NS
Inflation of cuff above radial pressure 22 (10.78) 56 (28.67) 0.00
Deflation of cuff 125 (61.27) 96 (48.98) 0.01
Rest before BPM 89 (43.63) 77 (39.29) NS
Size of cuff 162 (79.41) 70 (35.71) 0.00
p < 0.05 e Significant, p ¼ 0.00 e Highly significant, p > 0.05 e Non significant.
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AHA guidelines31 have shown the inaccuracies of BPM and
possible sources of such errors and haphazard documenta-
tion. In this study we have demonstrated that there are
serious inconsistencies and inadequate knowledge of the
basic principles of BPM amongst the hospital staff.
In the present study, around 90% of the hospital staff knew
that mercury manometer is the most appropriate manometer
in the office setting but only 38% of the doctors and 15% of the
nurses knew about the appropriate calibration interval of 6Table 2 e Shows the observations based on assessment of pra
Total Responders: 400 Total Doctors
Question Doctors {corr
response (perce
1. Time between entry in office & first reading 81 (39.71)
2. Total number of readings 2 (0.98)
3. Removal of clothes 70 (34.31)
4. Arm support given 82 (40.20)
5. Zeroing of BP meter 99 (48.53)
6. Cuff size 192 (94.12)
7. Inflation rate 45 (22.06)
8. Asked about history of caffeine intake 3 (1.96)
9. Both arms used 10 (4.90)
10. Tubing checked for leakage 24 (41.18)
11. Placement of stethoscope 194 (95.10)
12. Repeat reading taken 7 (3.43)
13. Position of arm 189 (92.65)
14. Deflation rate 31 (15.20)
15. last digit of reading 35 (17.16)
p < 0.05 e Significant, p ¼ 0.00 e Highly significant, NS e Non significant.months. This is extremely worrying as it is the first link in the
chain of hypertension control is accurate calibration.
It is well recognized that the predictive power of multiple
blood pressure is much greater32 than single office reading.
According to JNC VII guidelines33 a minimum of 2 readings
should be taken at an interval of at least 1 min and average of
these readings should be used to represent the patient's blood
pressure. In the present study, only 42% doctors and 30%
nurses knew that 2 readings have to be taken on a first visit to
hospital.
AHA guidelines recommend the BP should be routinely
measured with the patients comfortably seated with armctice of blood pressure measurement.
: 204 Paramedics: 196
ect
ntage)}
Other paramedics
{correct response (percentage)}
p value
114 (58.16) 0.01
1 (0.51) NS
54 (27.55) NS
52 (26.53) 0.04
63 (32.14) 0.01
183 (93.37) NS
24 (12.24) 0.01
3 (1.53) NS
1 (0.51) NS
11 (5.61) NS
179 (91.33) NS
2 (1.02) NS
177 (90.31) NS
8 (4.08) 0.01
28 (14.29) NS
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in supine position, the SBP may increase by 3 mm of mercury
and DBP will be recorded lower by 3 mm of mercury.35
Regarding position of BPM 60% of hospital staff in our study
thought that supine position is ideal position in office setting.
Only 33% doctors knew that sitting position is ideal position
for BPM and only 22% paramedical staffs were aware of
this fact. In a study byWingsfield et al19 (1996) a questionnaire
study was done in which only 17% of nurses regarded sitting
position is ideal for BPM. If the position of centre of bladder
is above or below the heart level, BP may be recorded falsely
high or low for every 10 cm above or below the heart level.35
While the influence of arm position on BP measurement
was first reported almost 100 years ago,36 Webster et al37 more
recently re-evaluated this issue and documented a mean in-
crease of 11 (SBP)/12 (DBP) in unsupported arm Resting an arm
on a desk or arm of a chair as often recommended37 could vary
the BP significantly. In our study only 6% doctors and 10% of
nurses had knowledge of this fact and 60% of the doctors and
75% nurses did not use arm support for BPM so there is sig-
nificant difference (p ¼ 0.004) in the practice of using arm
support for BPMamong doctors and nurses and doctors scored
better. The 12.7% of the doctors (n ¼ 26 and only 4% of nurses
n ¼ 6) did not keep the arm horizontal (p < 0.05). In a survey of
114 doctors conducted by Mckay et al10 97% of doctors used
inappropriate cuff size, it indicates that it is common mistake
made by most of the hospital staff. In our study appropriate
cuff size was used by majority (94.12%). This was perhaps
because of good institutional practises. It is known that if the
cuff is too small as in the case of obese person, thus systolic BP
will be recorded falsely high by 8 mm of Hg.39 The failure to
remove clothes increases arm circumference further to erro-
neous reading. In our study the results are different as there
was only one cuff size available so, it was adequate in 94% of
cases. (Both medical and paramedical staff) because the built
of most of patients was medium and around 65% doctors
(nurses slightly more number) did not remove the clothes
from the arm before BPM. Before the blood pressure is
measured, the patient should rest undisturbed in quiet
comfortable setting at room temperature at least 5 min. Pain,
strenuous physical activities, cold temperature, food con-
sumption, smoking, caffeine ingestion and emotional stress
can cause marked elevation in blood pressure in a normo-
tensives individual. A full bladder or bowel can cause a sub-
stantial increase in blood pressure. In our study 62% of doctors
42% of nurses (p < 0.05) did not wait and let the patient rest for
sometime before recording BP in the hospital. In a study by
Mackay et al this figure was 97%.10 In the present study 98% of
the staff did not ask about the history of tea, coffee or drug
intake in last hour.
Partial arterial obstruction may cause blood pressure to be
consistently lower in one arm thus the BP should bemeasured
in both arms at initial visit. If there is consistent difference in
the BP between the arms, the armwith higher pressure should
be used subsequently.12,40
A spuriously low systolic pressure may be reported in pa-
tients who have an auscultatory gap. It is usually present in
person who have significant artery calcification as in elderly.
The error can be avoided if the systolic pressure is first esti-
mated through palpation.42 The cuff is then inflated to apressure 30 mm higher than the estimated systolic pressure
and auscultation begun.42 Auscultation is continued until the
cuff pressure is at least 10 mm below the last korotkoff sound
heard. So that the measurement of diastolic pressure is not
affected by diastolic auscultatory gap. First appearance of
sound (Phase 1) is used to define SBP. The disappearance of
sound (Phase v) is used to define DBP in adults. In the present
study, around 75% of hospital staff had the knowledge of
korotkoff sounds for marking SBP and DBP but only 23% of the
doctors (21% PMS) knew about the inflation of cuff 30 mm of
mercury above the palpatory BP but 77% of the doctors and
87% of paramedical staff (p< 0.05¼ 0.009) inflated the cuff very
fast without using palpatory method. In a study by Mckay
et al,10 number of such doctors was 61%. Rate of deflation of
cuff should be 2 mm/s if patient has bradycardia. Faster rate
will result in under estimation of systolic pressure and an
overestimation of the diastolic pressure.42 In our study 61%
doctors and 48% of the paramedical staff (p < 0.001) had the
knowledge about the optimum deflation rate but 80% of the
doctor and 90% of the paramedical staff deflated at rate more
than 2 mm/s Mckay et al in their study had similar figures
where number of such doctors was 82%.10
Terminal digit preference, a commonsource of error during
manual blood pressure examinations,43 is the rounding off of
numbers to the nearest zero. Usually the result is an inappro-
priate increase in the diagnosis of hypertension because sys-
tolic pressures in the upper 130 are rounded up to 140 mm
Hg.44,45
Whenwe compared Doctors with Paramedics there was no
correlation between knowledge and practise. Doctors fared
better in knowledge assessment like frequency of calibration,
arm position, knowledge of size of cuff and better subjective
assessment of audible heart sound, inflation and deflation
rate but in majority of other parameters there was no signif-
icant difference.
We conclude that the technique and practices of blood
pressure measurement in this study was much less than ex-
pected. Although the knowledge about factors of accurate
blood pressure measurement was good but not adequate to
prevent introduction of error and confirm a gap in knowledge
and practice. Updating should address the areas of potential
errors specified and should be delivered under standardized
manner In conclusion, this study shows that the health-care
workers evaluated measured BP in an inadequate, incorrect,
and inaccurate way independent of their specialty and expe-
rience. This conclusion warrants the implementation of pro-
cedures to improve the technique health-care workers use to
take BP.Conflicts of interest
All authors have none to declare.
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i n d i a n h e a r t j o u rn a l 6 6 ( 2 0 1 4 ) 4 0 1e4 0 7 405Appendix 1. Questionnaire.Q1.  Which do you think is the most appropriate manometer? 
a) Mercury  b) Aneroid  c) Electrical or digital 
Q.2  How often should the BP apparatus be calibrated? 
a) Every 2 months b) Every 6 months c) Never d) Whenever it fails  
Q.3  How many times should blood pressure be measured on a visit? 
 a) 1  b) 2  c) 3  d) Any desired number of times 
Q4.  Which arm should be used to take BP on a first visit? 
 a) Right b) Left  c)Both d) Either arm 
Q5.  In what position should blood pressure be taken in a visit? 
 a) Standing  b) Supine  c) Sitting  d) Any position  
Q6.   What determines systolic blood pressure? 
 a) First heart sound b) High pitched sound  
 c) 2nd heart sound d) Change of intensity 
Q7.  What determines diastolic blood pressure? 
a) The last audible sound b) Change of intensity  
c) First heart sound d) High pitched sound e) Low pitched sound 
Q8.  If one arm BP reading is 140/90 mm Hg & other arm BP reading is 150/90 mm Hg,     
which is recorded as true reading? 
a) 140/90 b) 150/90 c) Both d) Take next reading of both arms 
Q9.  Regarding arm position, which is correct? 
a) if arm is raised, BP increases 
b) If arm is lowered, BP decreases  
c) If arm is raised, BP decreases  
d) The arm position does not affect BP reading 
Q.10  Which part of stethoscope head is used to hear the low pitched Korotkoff  sounds? 
a) Bell b) Diaphragm    c) Both are equally used   d) None of the above 
Q.11  when placing the cuff on the arm, where does one place the center of the  bladder?
a) Radial artery  b) Brachial artery   
c) Biceps tendon   d) Antecubital fossa 
Q. 12 How high do you inflate the pressure before you start listening? 
a) 10 mm Hg above radial pulse disappearance  
b) 20 mm Hg above radial pulse disappearance  
c) 30 mm Hg above radial pulse disappearance  
d) 40 mm Hg above radial pulse disappearance  
Q. 13 How fast do you deflate the cuff (in mm Hg/sec) 
a) 2 mm Hg/sec b) 4 mm Hg/sec c) 6 mm Hg/sec      d) 8 mm Hg/sec 
Q. 14 What should be time interval between coming to office and measuring the  BP? 
a) 1-4 mts   b) 5 – 9 mts  c) > 10 mts 
Q. 15 How do you select the correct size of the cuff? 
a) 2/3rd of arm circumference  
b) 1/3rd of arm circumference 
c) Height  
Weight
i n d i a n h e a r t j o u r n a l 6 6 ( 2 0 1 4 ) 4 0 1e4 0 7406Appendix 2. Observation of Technique of BPM.1.  Time between entry in office & first reading 
a) 1-4 mts  b) 5-9 mts c) < 10 mts d) N.A 
2. Total number of readings 
a) 1  b) 2  c) 3 
3.  Time between first & 2nd reading 
       a) 1-2 mts b) 2-5 mts c) 3-6 mts    d) One reading only 
4. Removal of clothes  
a) Yes  b) No 
5. Arm support given 
a) Yes  b) No 
6. Zeroing of BP meter 
a) Yes  b) No 
7.    Cuff size 
a) Accurate b) oversized  c) undersized  
8.     Inflation rate 
a) Quick  < 1 mt  b) Slow > 1 mt 
9.    Asked about history of coffee/ Tea/ exercise/ smoking etc 
a) Yes  b) No 
10.  Both arms used or not 
a) Yes  b) No 
11. Tubing checked for leakage 
a) Yes  b) No 
12. Placement of stethoscope  
a) Over brachial artery b) Any where else 
13. Repeat reading taken or not 
a) Yes  b) No 
14.   Position of arm 
                 a) At level of heart b) Above level of heart     c) Below level of heart 
15.   Deflation rate 
a) >2 mmHg/sec   b)<2 mmHg/sec 
c)   = 2 mm Hg/sec  d)>5-6 mm Hg/sec  
16.  Position of arm 
a) Horizontal  b) Angled > 300    c) < 300
17.  Last digit of readings 
  a) 2,4,6,8 b) 0,0,0  c) 1,3,5,7,9r e f e r e n c e s
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